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Abstract

Thi s paper addresses the question of whether products in the
U.S. Mnufacturing sector sell at a single (common) price, or
whet her prices vary across producers. Price dispersion is
interesting for at least two reasons. First, if output prices vary
across producers, standard nethods of wusing industry price
defl ators lead to errors in nmeasuring real output at the industry,
firm and establishnent |evel which may bias estinates of the
production function and productivity growh. Second, price
di spersion suggests product heterogeneity which, if consuners do
not have identical preferences, could |lead to nmarket segnmentation
and price in excess of marginal cost, thus making the current
(conpetitive) characterization of the Mnufacturing sector
i nappropriate and invalidating many enpirical studies. In the
course of examning these issues, the paper develops a robust
measure of price dispersion as well as new quantitative nethods for
testing whether observed price differences are the result of
differences in product quality. Qur results indicate that price
di spersion is w despread throughout manufacturing and that for at
| east one industry, Hydraulic Cenent, it is not the result of
di fferences in product quality.
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| NTRODUCTI ON

This paper originated fromthe casual observation that in many
i nstances consuners can purchase identical (or nearly identical)
products at a wde range of prices from different sellers.
Clearly, such an observation rejects the econom sts' notion of
perfectly conpetitive markets and question the validity of the | aw
of one price. This observation is not original, for exanple,
Stigler (1961) used simlar observations to introduce his theory of
i nconpl ete information. Thi s paper, however, takes a different
course and asks not what inperfections mght explain this
phenonmenon but rather whether price dispersion is w despread, and
how it affects the standard analysis of firm and industry data
Specifically, Section Il begins by asking why the issue of price
di spersion is inportant for the analysis of productivity and the
t heory of aggregation. It shows that if prices vary across
producers, the usual nethod of using industry price deflators |eads
to errors in nmeasuring real output at the firm or establishnment
level . These errors in turn lead to biased paranmeter estimtes of
t he production function and productivity growth equation as shown
in Abbott (1991), and could invalidate many of the enpirical
studi es which have populated the productivity and industrial
organi zation literature.?

Section Il exam nes evidence on the existence and extent of
price dispersion. To date, several papers have appeared in the
[iterature on this subject. Theoretical explanations for the

exi stence of price dispersion in specific markets are provi ded by



Burdett and Judd (1983), Carlton (1979, 1986), Perloff and Sal of
(1986), Salop and Stiglitz (1977), Reiganum (1979) and Phlips
(1988). Much of this literature is based on the inconplete
i nformation hypot hesis proposed by Stigler, although one could view
this as a special case of the product differentiation and
monopol i stic conpetition nodels discussed by Salop and Stiglitz
(1977), Stiglitz (1984) and others. Enpirical evidence supporting
price dispersion has been reported by Dahl by and Wst (1986), |sard
(1977), Pratt et al. (1979), and Stigler and Kindahl (1970).°3
These studi es, however, have had Iimted i npact on the productivity
and industrial organization literature because they focus on
relatively few products and they typically failed to connect the
pricing decision to the production decisions. Pratt et al., for
exanpl e, exam ned several products at retailers in the Boston area,
while Stigler and Kindahl exam ned buyer-seller transactions for
several industrial goods but discounted the observed dispersion as
the result of transaction heterogeneity. Because of these
[imtations, one cannot generalize these studies to determ ne the
i nportance of price dispersion across industries, or the | evel of
price variation within specific industries. In exam ning a new
data set, this paper neasures the |evel of price dispersion for
over 2400 7-digit (SIC) products in this vital sector of our
econony.* Qur results, using a newy devel oped robust neasure of
price dispersion, indicate that there are substantial differences

in prices across producers, and that this phenonenon occurs in



al nost every industry.

Section IV introduces the subject of product quality (a conmon
expl anation for observed price dispersion). In this section, we
devel op a nethodology to determ ne whether the existing price
dispersion is the result of differences in product quality. Using
data fromthe Hydraulic Cenent industry, we show that the observed
price dispersion cannot be explained by differences in product
quality, suggesting that price dispersion could create problens for
the analysis of this industry. Al though the results are not
directly applicable to other industries, they do raise questions
about the w sdom of ignoring the effects of price dispersion in
light of the findings in the previous section.

The final section discusses additional areas of research
needed to nore fully test the unique price theory, and to determ ne
the inpact of price dispersion on the existing productivity,

profitability, and market structure studies.

1. PRI CE DI SPERSI ON, PRODUCTI VI TY, AND THE THEORY OF
AGGREGATI ON
The exi stence of price dispersion across sellers poses several
problens for the enpirical analysis of mcroeconomc and industri al
behavior. This section is divided into two parts. In the first
part, we exam ne the problens price dispersion introduces in the
context of an industry producing a single honbgeneous product. In

the second part, we re-examne price dispersion in the context of



mul ti-product firns.

Si ngl e Product | ndustries

Support that all of the firnms in an industry produce a single
honbgeneous product, Q but that each firmis able to set its
product at a different price. These price differences could be the
result of long term contracts, price discrimnation, inconplete
information, or spatial conpetition wi thout affecting our anal ysis.
In enpirical work, neasures of real output are generally
constructed using deflated sales because sales (rather than
quantity) data is nore readily available (for exanple, COVPUSTAT
and the Bureau of a the Census collect primarily sales data.)
Letting Q, and P,, represent the output and price for firmi in
period t, this measure can be witten as

(1) Q =S/Db =Q, * (R/D),
where S, is the sales for firmi in period t and D, is the
"industry" price deflator for period t. As shown in equation (1),
using the deflated sal es neasure introduces an error because the
term in parentheses is not (generally) equal to 1. I n nost
i nstances, researchers exam ne the |l og of sales (representing the
natural log with |ower case letters) so that this equation becones
(2) div = g H(pie - dy),
and the neasured output is equal to the actual output plus an
additive error. In regression analysis, using a variable neasured

with error as a dependent variable does not introduce biases unl ess



that error is also correlated with variable included on the right
hand side of the equation. As shown in Abbott (1991), firm
specific prices wll frequently be correlated with the variable
factors of production and variable factor costs; thus the necessary
assunption of independence of the neasurenent error can often be
rejected.® As a result, studies using firmor establishnent data,
deflated wth an industry price deflator, wll suffer from a
correlated errors problemif the prices differ across producers in
the industry. Since this mcro-data/nacro-defl ator approach has
becone the norm for enpirical studies of firm and industry
behavior, it is inportant to determne if price dispersion across
sellers is a w despread phenonenon.

Turning to the question of aggregation, we find that nost
enpirical work at the industry |evel use a neasure of deflated
sales as real output. That is,

(3) Q=G S,/ b =G Q. * (P./ D),
Where Q is neasured industry output and the other variables are
defined as above. To determne the effect of using an industry
deflator, it becones necessary to understand how the price defl ator
was constructed. |If the price deflator is nmeasured as a quantity
wei ght ed average of all individual firmprices, i.e.,

(4 D =G P * (Q/ Q),
where Q is the actual industry aggregate output (Q = G Q,), then

it isrelatively straight forward to show that there is no bias and

(5 Q =Q,



Unfortunately, in nost instances industry price deflators are not
constructed in this manner. For exanple, the Bureau of Labor
Statistics constructs the Producer Price Index as an revenue
wei ght ed average of the relative prices of selected products from
one period to the next. Ignoring the sanpling aspects of the
problem this price index can be witten as, °©

(6) (B/D.) =G (PP * (S /S,),
or internms of D as

(7) Db =G P * {(Si,/S,) * (B.J/P1)}
where the second term represents the revenue weights (typically
determned at an earlier point in tinme) and the third term captures
the fact that the index is constructed in the form of price
rel atives rather than price levels.’

The key questions which we will now address are: (1) Under
what conditions does the constructed price index provide the
correct measure of real output? and (2) Under alternative
conditions, is there a consistent bias introduced because of the
incorrect weights? In addressing these questions, it is convenient

to look at the ratio of the neasured real output (Q) to actua

aggregate output (Q). As shown in the appendix, letting *,
represent the relative prices for firmi, that is (P,/P,.,), and
N,,, represent the revenue share weights in the base year, i.e.

(S:,/S;,), this ratio can be expressed as

(8) Q/Q =(D./Db.) * (B/D.y) [ (N Cov{™ Ny, ) +
E*i /N



where the first term (the ratio of the true price deflator,
equation (4), to the neasured price deflator, equation (7)) is a
constant representing the normalization of the price index in
period t-1; the second termrepresents the actual industry price
gromh rate (based on the true price deflator, equation (4)); and
the third termincorporates the average firmprice growh rate and
the covariance between the firm price gromh and the revenue
wei ghts used to construct the price index. Thus, deflated sales
will provide the correct neasure of real output over tine (up to an
arbitrary constant) only if the second and third terns exactly
cancel .

In examning this condition further, it is useful to start off
by assuming that all firmprices grow proportionately, ie *, = *
for all i. 1In this case,
the covariance term di sappears, and equation (8) reduces to

(9) Q/Q = (D./D.y) * (D/D.y) *.

Thus, we are left asking under what circunstances the true price
deflator D, defined in equation (4), grows at the sane rate as
each of the firmis price. A sufficient condition is that there is
no change in quantity shares. 1In this case, revenue shares al so
remai ns constant, and defl ated sal es provides the correct neasure
of output. But are these assunptions a reasonable representation
of the real world? In the case of inconplete information and
repeated purchases, if all prices grew at the sane rate (but each

firm had a different price), one would anticipate consuners



gradually drifting towards the sellers with the |owest price as
t hey gathered nore information about the market, as discussed in
Phlips (1988).8 Thus, under the condition that all prices grew at
the sanme rate, one would expect to find that the revenue wei ghted
price index, given in equation (7), would tend to overstate the
aggregate prices increase, and therefore understate the real out put
growt h of the industry.

If we relax the assunption of constant price growh, we
i mredi ately run into a question of how the current price growth
rates are correlated with the original revenue shares. |[|f we nake
an assunption of zero correlation, our problem reduces to an
expression simlar to equation (9) except that *, is replaced by
the equally weighted average firm price growh rate. Thus, the
guestion of bias turns on the ratio of the aggregate price growth
rate to the nmean price growh, and w thout additional assunptions
it is unclear whether the revenue weighted index over or under
states the price growh. Further relaxing the assunption of zero
correlation makes it <clear that there is little hope of
est abl i shing any concl usi ve answer of whether the revenue wei ghted
i ndex over or understates the true price/quantity growh in the
context of firmspecific prices - although it is clearly unlikely
that the price index would provide the correct neasure. Thus, in
general, it is not clear whether the period to period changes in
i ndustry sales deflated by the commonly avail abl e i ndices are due

to (1) changes in firmprices, (2) changes in firmoutput, or (3)



changes in the distribution of sales across the different prices

avail abl e on the market.

Mul ti - Product | ndustries

While the single product exanple is useful for expository
purposes, it is hardly the norm In nost industries, there are a
| arge nunber of products (or goods) manufactured, with each firm
producing only a subset of the goods available in the market.
Despite this characterization, it has becone standard practice in
enpirical work to make the assunption that the output across these
di fferent products can be aggregated and treated as if it were a
single product. Typically, such aggregation is done in terns of
sales rather than quantities, and thus researchers inplicitly use
relative prices as the "weights" for aggregation, that is

(10) Q. = S/DO = Ej Q¢ * Pijt/Dta
where | denotes the individual products produced by firm i in
period t. Thus, in addition to the problens introduced by using a
common industry price deflator D, across all firms, discussed
above, we nust al so examne the inplications of using the relative
prices across goods as weights for aggregation into a "real"™ out put
i ndex.

To begin our discussion of the nulti-product context, it is
not obvi ous what one neans by the concept of real output for the
firm produci ng several goods (i.e., how does one aggregate apples

and oranges?) Fisher and Shell (1972), in their classic text The



Econom c Theory of Price Indices, offer some guidance in this area

by | ooking at the production possibility frontier (PPF). Gven a
set of endowrents V = (v,...v,), outputs X = (x,...X,) (vectors
denoted with bold), and technol ogy defined by

(11) F(X, V) =0,
one can derive the PPF associated with any vector of inputs. They
argue that any two points (vectors of outputs), for exanple X, and
X, in figure 1, along the sane PPF nust have the sane |evel of real
output by virtue of the fact that both points efficiently used al
of the available inputs.® A linear approximation to trade off
between goods 1 and 2 in going from X, to X, is provided by the
secant |ine passing through these two points. Using the nean val ue
theorem the slope of the secant Iine is equal to the slope at sone
poi nt between X, and X, and in the [imt as X, approaches X, i s equal
to the tangent line at that point. Thus, in n-space, the
hyper pl ane tangent to F(X V) at any particular point provides a
| ocal approximation of the tradeoffs avail abl e between each of the
out puts given the existing technology, i.e., the marginal rate of
product transformation. Under conditions of conpetitive
equilibrium the slope of this hyperplane is also given by the
relative prices of each of the goods. Thus, under these
conditions, the relative prices provide appropriate weights for
determning the level of a real output index in the nei ghborhood of
the equilibrium point.?*°

In figure 2, letting the first good serve as nuneraire with
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price p;,, = 1, we conpare the situation in which X, is the optinma
out put vector under relative price vector P,, and X, is the optinal
out put under relative price P,. Under the above definition of real
out put, these two points have the sane |evel of real output because
they lie on the same PPF and thus differences in nomnal output are
merely a nonetary phenonmenon. That is, |et

(12) Q =Y, =P X

Q =Y, * DO =(PX) * D

but because X, and X, lie on the sane PPF, we define real output to
be the sane and,

Q =Q

(Pa X) = (P, X) * D
or D= (P, X) /I (P, X)) = YJ/Y,.
Thus, under Fisher and Shell's definition of real output, having
know edge that two points are on the sanme production possibility
frontier allows us to explicitly derive the true price index (D).
Letting period a be the base period, this index can be equivalently
witten as either the product of a Laspeyres Quantity Index and a
Paasche Price Index; or the product of a Laspeyres Price |Index and
a Paasche Quantity Index, as shown by

D, = (Pa Xy / Py X)) * (Pa X [ Py X)

= (P Xa 1 Py X) ™ (P, Xo /Py X))

Thus, neither of the standard Paasche or Laspeyres prices indices
is able to adequately neasure the change in prices by itself.

Unfortunately, it nust be stressed that this derivation applies

11



only to the special case in which both points are known to lie on
t he sane PPF.

In general, we are interested in conparing situations in which
the PPF may have changed and the question is whether we can use
i ndex nunbers to neasure the real output in this context. Figure
3 illustrates a situation in which firm b's PPF lies entirely
outside the PPF of firm a. A sufficient condition for this to
occur is for V, >V, that is, firmb has at |east as nuch of each
input as firma and strictly nore for at |east one input and that
the marginal productivity of each input for each product is
strictly positive. If, in addition, both firns face the sane price
vector and successfully maxim ze profits, then it is clear from
figure 3 that if Y, > Y, then anbi guously the real output of firm
b is greater than firma.

| f, however, firns face different relative price vectors, as
may be the case if individual product prices vary across firnms,
then it is clear that total sales no longer provides a reliable
measure of real output - see figure 4. In this exanple, firma
faces prices P, and chooses to produce X, while firmb faces price
P, and will produce at point X,. This problemis identical to the
nore general problem of developing price and quantity indices for
the econony as a whole. Fi sher and Shall (1972) examne this
probl em and show that there exist two possible neasures of rea
out put i ndex:

(13) Yo/ Yo = (Yo/ Yo, ) * (Yo/ Ya) = (Yo/ Yo ) * (Yol V)
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where X,, represents what firma would have produced had they faced
prices P,, and X, represents what firmb would have produced had
they faced prices P, In the first deconposition, the term(Y,/Y,,)
represents the effects of the changes in prices in a manner
anal ogous to figure 2, and the second term (Y, /Y, represents the
real output index. In the second deconposition, the terns are
reversed; i.e. (Y/Y,) represents the real output index and (Y,/Y,)
represents the price effects. These two indexes yield the sane
results only in the case of honothetic production technol ogies.
Thus, in order to construct the correct real output index, one nust
know t he production technol ogy and construct output vectors under
hypot heti cal price vectors.

Under nore general circunstances, where such strict input
dom nance can not be established, an interesting paradox arises.
In figure 5 we see that the PPF for firma and firmb intersect.
Under the Fisher and Shell definition of real output (which we have
been usi ng throughout this discussion) we see that points X, and X
lie on firma' s PPF and thus nust have the sane |evel of real
output; with X, and X, lie on the same PPF for firmb, and hence
must have the sane real output. Using the transitivity property,
we conclude that X, and X, therefore nust have the sanme |evel of
real output, even though X, provides strictly nore of each good
t han X.. Fisher and Shell carefully avoid this situation by
examning only a famly of PPFs determ ned by

(14) F(X,pV) = 0, such that p >0
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where changes in p denote proportional increases/decreases in al

inputs.'® W can resolve this dilemma by evaluating the two points
using only one of the PPF's in a manner simlar to this. Noting
that firma could have produced X, given its resources (hence p, <
1), while firmb would require additional resources to produce X,
(Mp > 1) using its mx of inputs, we can conclude that X, is a
hi gher 1 evel of real output than X,. It is, however, unlikely that
t hese two neasures (M, and 1/p,) wll yield conpatible indices.?®
Moreover, if we try to extend this to nore than two firns, it
becones clear that the index and even the rankings of the firns,
may depend on our choice of "base" firm For exanple, if instead
of X, we consider the point X, (in figure 5), no natural ordering
exists. That is, firma would require nore resources to produce
X, while firmb still requires nore resources to produce X, Thus,
regardl ess of which firmwe used as our "base" we woul d concl ude
that the other has less "real output.” One mght argue that this
is not economcal for two firnms in the sanme industry to have such
different mxes of the inputs as to result in PPF s which intersect
ina mnner simlar to figure 5. Wile there nay be sone validity
to this is a world where all inputs instantaneously adjust to
current market conditions (and firns face conpetitive input prices)
if sone inputs are fixed in the short run, it is possible that two
firme could find thenselves in this situation given different
hi stories. Moreover, the latter situation may be nore realistic

for the kinds of data we exam ne when | ooking at the Manufacturing
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Sect or of our econony.

| f pure technol ogical reasons do not suffice, what is the
justification for looking at total sales as a neasure of real
out put across? The answer nust be sought on the basis of consuner
utility. In this regard, relative prices provides a nethod of
measuri ng how "society" values the output of the firm that is,
using relative price weights provides an answer to the question,
"In terms of what society wants today, which firmis able to
provi de nore goods and services?" Thus, our total sales neasure of
real output nust be justified on the interaction between production
technol ogy and consuner utility. The problemis of course, that
now, if consunmer tastes change (thereby changing relative prices
across the goods) we are in a situation where the novenent from X,
to X, in figure 2 represents a change in real output (which, under
our pure technol ogical considerations we had called a nonetary
phenonenon) and the deconposition presented in equation (13) is no
| onger neaningful. Mreover, in the situation in which the PPF s
cross, as depicted in figure 5, it is clear that even if both firns
face the sane relative prices, using total sales one could concl ude
that firm a has either higher, the same, or |ower, real output
dependi ng upon the slope of the price vector.

In practice, the approach used in enpirical work wusually
corresponds to an assunption that the prices of all goods nore
proportionately. For exanple, the Bureau of Labor Statistics

defines the Producer Price Index as a wei ghted average of the price
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grow h rates across a sanple of firmgoods. Rewiting equation (6)
to incorporate multiple goods indexed with j and again ignoring the
sanpling problem we find that

(6") (B/D.y) = EiEj (Pijt/Pijt—l) * (Sijta/Sjta)-
One rationale for this assunption is that the goods are perfect
substitutes - that is, the production possibility frontier is a
straight Iine and individual goods are, in the | anguage of Tirole
(1988), vertically differentiated, as in 5 and 10 I b bags of sugar.
In such a case, it is clear that in a conpetitive nmarket the
relative price of the two products nust be fixed and equal to the
mar gi nal rate of product transformation, else manufacturers would
switch to producing only one type of product. However, in the nore
general case in which there is both horizontal and vertical product
differentiation, such as assunption of proportional price increases
may not be warranted. In this case, a price index which is based
on an assunption or proportional price novenents would clearly
yield an incorrect neasures of real output and the nore genera
out put i ndex nust be used.

Thus, in the context of a multi-product industry, price
di spersion across firms introduces severe conplications to the
construction of price indices and for the aggregati on of products
and firnms. And in general, total sales no l|longer provides a
reliable nmeasure of total output wthout additional assunptions
about the slope of the relative price vector and the production

t echnol ogy.
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I11. EMPIRI CAL PRI CE DI SPERSI ON

The Bureau of the Census collects data on value and quantity
of shipnments (FOB - plant gate) at the 7-digit product |evel as
part of the Census of Manufactures. Inplicit average prices (unit
val ues) were constructed for each establishnent-product in the 1982
Census of Manufactures. These prices provide the basis for this
anal ysi s.

Starting with 804,757 observations on annual establishnent-
product shipnents, 144,377 observations were found to have usabl e
value and quantity data.?® For a general analysis of price
di spersion across plants, the sanple was further restricted to
exclude certain types of broadly defined products: the "Not
Speci fi ed by Kind' and "Not El sewhere O assified" products.! And
finally, the sanple was restricted to only those products with 10
or nore establishnents having usable data.?

| mposi ng these additional restrictions limted the sanple to
a total of 112,630 establishnent-product observations on 2,430
different products. For each product, two statistics were
initially used to neasure the |l evel of price dispersion. The first
is the coefficient of variation (CV), defined as the ratio of the
standard deviation to the nean. The second is the nornalized price
range (RNG, defined as the price range (MAX - MN) divided by the
mean. Summary statistics on the coefficient of variation and the
normal i zed price range for these products are provided in Table 1.

In addition to these sunmary statistics, figure 6 provides a
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hi st ogram of the distribution of the coefficient of variation and
normal i zed price range. Fromthese statistics and figures, it is
clear that price dispersion, as neasured, is a w despread
phenonenon. The average coefficient of variation is 69 percent,
the mnimum O, and over 95 percent of the products exam ned have
nmore than 16 percent variation. The normalized price range
provides a simlar picture, the average is 398 percent, the m ni mum
is 0 and over 95 percent have nore than 68 percent price range.

It is also clear that there is an large tail to the
distribution of price variation, as neasured by the coefficient of
vari ation and nornalized price range. The maxi num coefficient of
variation if 1712 percent, and over 5 percent of the products have
nmore than 226 percent variation. Simlarly, the maxinmum price
range is 42,429 percent and over 5 percent have nore than 1300
percent price range. These latter results clearly indicate that
sonething is wong with these neasures of price dispersion -- one
woul d not expect any honbgeneous product to have such a large
variation in prices across producers. Either there are many poorly
defined products or there are a significant nunber of errors in
t hese data.

An exam nation of this price data for a single industry, the
hydraulic cenent industry, see Abbott (1988), revealed that the
Census value and quantity data contain two types of errors which
woul d af fect our neasure of dispersion: gross outliers and inputed

dat a.
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The first error is that of gross outliers; that is data which
the Census Bureau's industry anal yst believed to be incorrect. For
exanple, in an industry with 60 producers, 59 producers sold the
product at a price between $20 and $20 per ton while the renmaining
producers sold at a price of $250. Clearly there is a units
problemwi th the reported data.® These types of errors occur in
about 2 to 3 percent of the data and are nost |likely the result of
reporting or keying errors.

The second type of data error is caused by inputations,
observations for which mssing data were replaced wth an inputed
a val ue based on the industry averages. A basic fact of working
with Census data is that it is collected, edited, and maintained
for the purposes of constructing aggregate statistics; not for the
pur pose of m croeconom ¢ analysis. As such, audit trails to
specific mcrodata itens are not well naintained and there is often
no way to determne if a particular observati on has been i nputed,
edited, or n original reported item*°

One nethod of dealing with the problem of gross data errors
woul d be to "clean" the data and renove the individual observations
whi ch are deened erroneous. |In addition to the obvious selectivity
problens induced by such a procedure, wth over 112,000
observations such cleaning would be a | aborious task. Moreover, if
one attenpted to automate the process by elimnating al
observations which were nore than X standard deviations fromthe

mean, one would necessarily bias the estimated neasure of
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di spersi on downwards since the standard deviation of the truncated
distribution is a downward biased estinmate of the population
par anet er .

An alternative nethod for handling the grow error problem
woul d be use of statistics which are robust to the presence of
these errors, as discussed by Henpel et al. (1986) and Abbott
(1989).2%° Under additional assunptions about the distribution of
the actual prices, one can use order statistics to obtain robust
estimates of the mean and standard devi ati on needed to construct
the coefficient of variation. For exanple, under the assunption
that a distribution is not skewed, the nedian provides a robust
measure of the nmean.* Further, assuming normality the
interquartile range is approximately 1.348 tinmes the standard
devi ati on. %2

The proposed statistic is the ratio of the interquartile range
to the nedian, scaled to be conparable to the coefficient of
vari ation,

(15) RD = (@ - Q) / (1.348 * Q).

Abbott (1989) shows that this statistic is robust for snmall
sanples, in the sense that the extent of the bias introduced by a
si ngl e erroneous observation does not depend on the nagnitude of
t he observation. Using this neasure we reexam ne the Census data
as shown in Table 1. The average |evel of dispersion falls to 55
percent, the mnimum is 0O percent, and over 75 percent of the

products have nore than 10 percent price variations. Al t hough
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these statistics are substantially | ower than those found with the
conventional coefficient of variation, they still suggest that the
uni que price theory does not apply to nost of the 7-digit products
exam ned. A simlar picture is presented in figure 6, where the
entire distribution of the neasure is shifted to the left in
conparison with the coefficient of variation.

As shown in the figure, there is still a significant tail to
the distribution of dispersion across producers (the last bar on
the right indicated the proportion of the sanple in the upper
tail), with 5 percent of the RD statistics having greater than 90
percent di spersion. Thus, even the robust statistic is not
i npervious to gross errors in the data. That is, if there is a
sufficient nunber of errors for a single product the RD neasure
will not provide an accurate neasure of the underlying dispersion.?
Thus, the tail of the RD distribution indicates that in sone cases
the data was just too dirty, or that the products were just poorly
defined for even our robust neasure.

Table 2 presents a list of the 20 products with the highest
price dispersion, as neasured by RD. Fromthis list, it appears
that these products are a mxture of "other" and "NEC' (Not
El sewhere O assified) products which did not conformto the usual
principles used in defining the 7-digit SIC codes. Thus, it is not
surprising that there should be such a w de range of reported
prices for these product classifications. This evidence suggests

that the tail of observed dispersion is caused by a failure of
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product definition rather than dirty data.

The third table exam nes price dispersion across two digit
i ndustrial groups using those products with |ess than 80 percent
di spersion (RD). This truncation is used to renove the affects of
the outlier products and | eaves a 2,278 products for the anal ysis.
From this table it is clear that although the average |evel of
price dispersion differs across the major groups, price dispersion
is a general phenonenon regardl ess of which neasure is used. Thus,
results presented in Table 1 and Figure 6 are not dom nated by an
particular industrial group and the potential problens in neasuring

real output exist in every industry.

| V. PRI CE DI SPERSI ON AND PRODUCT QUALITY

In this section, we explore the classic product quality
expl anation for observed price dispersion. W begin our discussion
of product quality by nmaki ng an assunption that product quality is
a universal standard in which all consuners agree on the ranking of
all products - that is, in the words of Tirole (1988), quality
represents Vertical Product Differentiation in that "all consuners
agree over the nost preferred mx of characteristics and, nore
generally, over the preference ordering." * For exanple, in a
market with three goods (A, B, O, if at the sanme price, all
consuners rank A > B > C then we can say that A is of higher
quality than B or C. If, however, sone individuals prefer either

B or Cto A (at constant prices) then we cannot say which is of

22



superior quality and nust |look for alternative explanations for
i ndi vi dual consuner preferences.

Under the assunption of honogeneous preferences, conplete
information, and conpetitive markets, it is clear that if all three
goods are sold then they nust provide consuners with identica
utility (net of the product price.) Therefore, P, > P; > P, and the
differences in prices between the three goods nust exactly equal
the marginal utility of the additional quality. This framework
serves as the basis for the hedonic price literature, which
attenpts to elate the price of the product to a bundle of
characteristics which nmeasure the quality of the product in several
di mensions -- such as horsepower, npg, and seating capacity for
aut onobi l es; or square feet, nunber of bathroons, and nunber of
fireplaces for houses, see for exanple Giliches (1971), Rosen
(1974) and Dul berger (1988). Thus, conpetition across the
di fferent products drives the price differential across conpeting
brands to reflect the differences in the utility of each bundl e of
characteristics.?® Unfortunately, in order to inplenent this
appr oach, one  nust identify and neasure the underlying
characteristics of each product, and determ ne the functional form
of the hedonic price equation.

A nore general approach can be obtained from | ooking at the
production process itself. |If, in addition, we nmade an assunption
that differences in product quality can only result from

di fferences in resources enbodied in the product, we concl ude that
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a Cadillac is a "better" care than a Ford because the Cadillac
enbodies nore materials, energy, |abor, and capital. Mor eover,
under the conpetitive assunptions, firns conpete in both price and
quality until the differentials between the quality of the product
just equals the margi nal cost of producing that additional quality.
As in Waterson (1984), letting T, represent a quality index
(defined to be nmultiplicative with her values of T representing
hi gher |l evels of quality), and returning to the case of a common
t echnol ogy and one product per firm we characterize the production
relation as

(16) TiQ = F(K, L, E, M),
where Q is the quantity of output, K is the quantity of capita
services, L; is the quantity of |abor services, E is the quantity
of energy, and M is the quantity of materials.

Assum ng a Cobb- Dougl as production function, and using | ower
case letters to denote the natural logs, we can re-wite this
production relation as

(17) (t, +q;) =a, +ta k +a,l, +a, ¢ +a m+uy,
Unfortunately, in applied word we frequently do not directly
observe the quality index or the quantity of production, but
i nstead observe only the value of sales (V). Letting q, =V, - p;,
and substituting, we find that

(18) (t; +v;, - pj) =a, +a k +a,l, +a, ¢ +a m+uy,

(19) v =(p; +t;) +ta, +a k +a,l, +a,¢e +a m+uy,

where the term in parentheses is generally omtted in the
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estimation of the production function |eading to biased estinmates
as discussed in Abbott (1991).

Al t hough, the technology index is not directly observable
under the conpetitive conditions discussed above, it can be witten
as a function of price. Letting

(20) T, = $ P,

t hen under the standard assunption that price differences reflect

di fferences in product quality, should equal 1 (note that $ is
an arbitrary normalization for the technology index.) Under the
alternative hypothesis of no quality differences across producers,
" should equal 0 - thereby making T, a constant. Taking | ogs, and
substituting for t; in equation 19 yields our estimation equation.
(21) vi =a, + (1 - ") pp+a ki +al; +a ¢ +a m+u,
Thus, cross sectional estimtes of equation (21) provide a direct
test of the hypothesis that the observed prices reflects
qualitative differences through the coefficient on observed prices.
In this equation, if the observed prices are proportional to
product quality one would expect the coefficient of the price
variable to be zero (i.e., " = 1.0). However, if there are no
differences in product quality and real prices are neasured
correctly by our observed prices, one woul d expect a coefficient of
1.0 for the price variable (i.e. "=0). Finally, if the observed
prices are neasured with error (or there are sone differences
related to product quality), the coefficient should be between zero

and one reflecting an internedi ate val ue for
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Unfortunately, in order to conduct this test, one needs to
collect all of the additional data necessary to estimate the
production function. As an application of this approach, we
exam ned the hydraulic cenent industry because (1) it was near the
medi an | evel of price disperison and (2) it is frequently used in
the literature as an exanpl e of a honogeneous product. Despite the
|atter comment, we discovered that the Bureau of the Census
actually collected data on nine different hydraulic cenent products
-- details on the construction of the establishnment |evel data set
used in this paper can be found in Abbott (1991).

Since our above theory of product quality is articulated in a
single product environnent, it is inportant to establish that a
valid aggregate exists for this industry. A prelimnary analysis
of the establishnent-product prices showed that the assunption of
constant relative prices across products (but different price
| evel s) was not unreasonable. Enpirical work presented in Abbott
(1988) estimated a nodel which represented the establishnent-
product price at tine t as the product of an establishnment
conponent (held fixed across all products) and a product conponent
(held fixed across all establishnments), i.e.

(22) In(P;) = E I, by + u i,
where |; is an indicator for establishnment i, I; is an indicator for
product j, and u;;, is an error term This nodel resulted in an R-
square of about .8, indicating that the assunption of fixed

relative prices (of the different products) across establishnents
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was not a bad approxi mation. Thus, we can apply H cks' aggregation
theoremto establish that sales is a valid neasure of aggregate
output at the establishnent |evel. In this case, the p,
coefficient can be interpreted as the log of the price index for
establishment i in period t, and b;, interpreted as the mark up in
period t of the product j over the nuneraire good, subject to the
normal i zation that b,, = 0. In our analysis, "Normal Portland
Cenent - ASTM Type I" (SIC 3241012) was chosen as the nuneraire
good since this product was produced by nearly every plant and it
represented over 63 percent of the total value shipnments for the
i ndustry.

Tabl e 4 conpares the OLS and 2SLS estinmates of equation (21)
where the 2SLS estimator is used to over cone both neasurenent
errors in the individual prices as well as any sinultaneity between
the individual firmprice and their level of output.? Using data
for a sanple of 40 establishnents in this industry, we found that
the OLS results clearly show that the price coefficient is
significantly different from zero, rejecting the hypothesis that
the individual prices are proportional to differences in product
quality. The 2SLS estimator, presented in colum 2, however, was
unable to support the sane conclusion - even though the point
estimate has increased and is al nost exactly the predicted val ue of
1.0 -- because of the high standard errors associated with this
estimator. This finding could be the result of the small sanple

size and/or weak instrunents. The results of a nore conplete
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anal ysis, pooling data from 1972, 1977, and 1982 are provided in
the last col um. In this analysis, the 2SLS estimator clearly
rejects the product quality interpretation in favor of a finding of
real price dispersion.?

Al t hough one nust be careful not to generalize these results
to the other industries examned in section IIl of this study, it
does suggest that the issue of price dispersion is worthy of
further consideration, and that the standard response that price

differences are due to product quality is not universally accepted.

V. CONCLUSI ONS

The analysis presented here establishes two inportant
enpirical facts concerning price dispersion in U S Mnufacturing.
First, we found that neasured prices varied a great deal across
producers, even at the 7-digit product |evel. Second, we found
that this price dispersion was not isolated to a few manufacturing
i ndustries but exists, to sonme extent, in all industries. The
anal ysis establishes these results using all of the product data
available in the 1982 Census of Mnufactures. These facts clearly
run counter to the assunption of a single honbgeneous good and
perfect conpetition usually rmade in anal yzi ng econom ¢ behavi or at
either an industry or firmlevel.

The basic data used to arrive at these concl usions, however,

suffer fromtwo types of errors: gross outliers and inputed data.

The gross errors bias the estimted dispersion upwards and are
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addressed through the use of robust statistics. The inputations,
on the other hand, bias the estinmated dispersion downwards and
their affects cannot be easily elininated fromthe data.?® As a
result, the current analysis only provides information on whet her
or not individual products exhibit price dispersion and does not
provide reliable conparisons of the level of price dispersion
across different products or industries.

Havi ng established these facts, one nust proceed to address
two additional questions: What is the underlying source of the
observed price dispersion? and does price dispersion inply market
power? For the hydraulic cenent industry, we found that we coul d
reject the assertion that the observed price dispersion was the
result of differences in product quality. 1In a nore conplete study
of this industry, Abbott (1990) was able to denonstrate that the
observed price dispersion was related to local conditions in both
the output and input nmarkets; and that manufactures did in fact
possess market power (defined as being able to pass through
i ndividual factor price increases). Considering the nature of the
i ndustry, these findings are not surprising. It remains to be seen
as to whether simlar conclusions can be established for other
i ndustries or whether the cenment industry is unique in this respect

as wel | .
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Figure 6: Measures of Price Dispersion
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Please note that the column at the end of each graph represents the
proportion of the data found beyond the last point on the graph.
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N
Mean

Quantiles
100% Max
99%
95%
90%

75% Q8
50% Med
25% QL

10%
5%
1%
0% M n

Tabl e 1:

Measures of Price Dispersion

Coef fi ci ent
of Variation

2430
69. 4

1712
512
225
135

65
42
29

20
16
8
0

Nornmali ze

34

Range
2430
398

42430
3889
1300

736

310
183
124

85
68
35

0

Robust
Di spersion

2430
55.4

39985
237
91

65

38

21

11
1.5
0. 09
0. 002



Product # RD
2392045 39985
2099967 8796

Specialties
3079030 2813

3131061 1834
3079065 1657
2421896 1351
2899597 1193
chem cal s

3079061 815
3691411 791
3691419 706
2257820 667
3873126 566
3551221 529
3494640 496
2851951 432

2599097 400
2299340 396
3634510 357

2599021 345

Tabl e 2:

| ndi vi dual Product Price D spersion

Product Descri ption

O her Househol d furni shings
- Napki ns
Peri shabl e Food Products
- Tortillas, Tamales, and other Mexican

M sc. Plastic Products

- Plastic Bottles
Foot wear Cut Stock

- O her boot & shoe cut stock and fi ndings
Mol ded Pl astic Products NEC

- castings
Sof twood Fl ooring and Siding

- other planing mll and sawm || products
Essential G, Firewrks and Chem cal NEC

- other industrial chem cal specialties

pl asti ¢ wood preparations and enbal m ng

Mol ded Pl astic Products NEC
- injection nolding
Storage Batteries, Lead Acid Type
- Industrial Truck
Storage Batteries, Lead Acid Type
- other notive power
Al'l other Weft Knit Fabric
- narrow fabrics under 12" w de
Cl ocks (not having bal ance wheel and hairspring)
- all other including chine and strike
Commer ci al Food Products Mchinery
- Choppers, Ginders, Cutters, etc.
Hydraulic and Pneumati c Hose or Tube End Fittings
and Assenbl i es except Aerospace
M scel | aneous Pai nt Products
- Oganosols and Plastisols, other than
coati ngs
Furniture and Fi xtures NEC
- O her NEC except household
Scouring and Conmbing MII Products
- Tops and Noils
El ectrical Housewares and Fans
- Small household appliances, including
razors
Furniture and Fi xtures NEC
- Hospital Beds
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3079094
3312192
3079066
3799988

Trailers
2843085

2299350

338

299

298

286

249

237

M scel | aneous Pl astic Products
- Building and Construction
Bl ast Furnace Products
- Slag
Mol ded Pl astic Products NEC
- O her
Transportation Equi pnment NEC
- Parts for Autonobile and Light Truck

Surface Active and Finishing Agents

- Bul k Surface Agents (detail reported I TC)
Scouring and Conbing MII Products

- Scoured wool and other products
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Tabl e 3

Two Digit Industry Price D spersion

Al'l I ndustries
Nunber
Maj or Group of
Pr oduct
S

20 Food and Ki ndred Products 590
21 Tobacco Manuf act ur es 7
22 Textile M1l Products 101
23 Apparel and Qther Textiles 76
24 Lunber and Wod Products 143
25 Furni ture and Fi xtures 65
26 Paper and Allied Products 105
27 Printing and Publi shing 94
28 Chem cals and Allied 179

Pr oduct s
29 Pet r ol eum and Coal Products 47
30 Rubber and Pl astic Products 34
31 Leat her and Leat her 25

Pr oduct s
32 Stone, Clay and d ass 86

Pr oduct s
33 Primary Metal Industries 107
34 Fabricated Metal Industries 269

37

Aver ag
e
cv

46. 532

46. 409

70.191

122. 85

70. 675

83. 949

44.676

105. 51

55. 886

89. 435

62.122

80. 961

74. 368

66. 430

64. 602

Aver ag
e
RNG

247. 51
1

187. 26
7

332. 99
8

926. 10
1

666. 78
7

509. 33
1

300. 19
6

876. 30
6

275. 69
4

521. 47
5

283. 52
9

452. 47
9

490. 11
3

330. 02
3

378. 89
2

Aver age
RD

125.

31.

37.

33.

14.

18.

15.

30.

24.

20.

16.

30.

18.

27.

17.

731

249

619

598

330

608

596

596

099

024

549

230

481

633

645



35

36

37

38

39

Machi nery, Except
El ectri cal

El ectric & Electronic
Equi pnent

Transportati on Equi pnent

| nstrunents & Rel at ed
Pr oduct s

M sc. Manufacturing

38

154

28

76

29

63

58. 636

76. 963

81.192

73.577

79.570

279. 29

328. 27

440. 68

265. 70

376. 05

19. 821

126. 455

33. 087

24. 625

24.196



Dependent Vari able: Log of Tot al
1982 - LS 1982 - 2S8LS
| nt er cept -1. 8222 - 3. 3610
(1.1080) (3.0370)
* % %
Price 0.5718 0. 9862
(.1638) (.6771)
Capi t al 0. 1289 0.1371
(.1302) (.1361)
*
Labor 0. 2689 0. 2635
(.1515) (.1884)
* * k * %k
Ener gy 0.5119 0. 4992
(.1166) (.1380)
* %k * * k
Material s 0. 2509 0.2470
(.0724) (.0824)
N 40 40
RSq 0. 836 ---
SER 0.234 0.284
* Significant at 10 percent |evel
** Significant at 5 percent |evel
*** Significant at 1 percent |evel

Table 4

Pr oducti on Function Estinates

39

Pool ed 2SLS

Val ue of Production

Ti me
Dunm es

0.
(.

0.
(.

~—

~—

~

* k%

2334
0719)

* k% %

2334
0719)

. 0963
. 0826)

* k% %

. 5283
. 0778)

* k% %

. 2262
. 0452)

120

245



APPENDI X

Let,
Q
Q

nn
wuon
Do

- -

Then,
Q/Q = (ES./D) / (ES./D)
= D/Dh
But, from equation (7)
D = EP * {(S./S,) * (D1/pi-1)}
Thus,
Q/Q = DB/[EP * {(S./S,) * (D.i/pii-1)}]
= (B/D.) * (U[E (RJPia) * (S, /8,)])
substituting,
*¢ =PdP,and N, = S, /S,
we get
Q/Q = (D/D.) * (VIE*. * Ny )
Combi ning the well known statistical result that
EA*B = NGCw(AB +EAEB/ N
with the fact that
EN, =1
we arrive at

Q7 Q

(D / b)) * (1 / NCov (™ Ny ) + E*/N
(D./ D) * (B/D.y) /I (N Cov(*, Ny¢,) + EE*N

which is given in the text as equation (8) on page 5.
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Not es

In a rel ated paper, Lichtenberg and Giliches (1989) discuss the
effects of error in the nmeasurenent of output deflators at the
aggregate level on the neasurenent of |ong term productivity
growh. In contrast, this paper focuses on the cross sectional
effects of using aggregate deflators for individual firns or
establ i shnments.

Recall that for the direct aggregation of goods, Hicks
Aggregation Theoremrequires that the goods either be produced
(or consunmed) in fixed proportions or that relative prices
remain constant. In the case where individual producers have
different market segnents and are able to adjust prices to
segnent specific market conditions, the assunption of constant
relative prices is untenable and direct aggregation is therefore
not valid. In nost enpirical studies, sales (a direct
aggregate) is the basis for the neasure of total production.

It is inportant to note that some of the studies cited were
conducted with objectives other than show ng the existence of
price dispersion and questioning the assunption of a single
mar ket price. For exanple, Stigler-Kindahl's work primarily
focused on showing that in order to obtain accurate aggregate
price deflators, BLS should follow prices from many different
producers and did not focus on an expl anation for why different
producers received different prices.

The Standard Industrial Cassification system (SIC) was
established in the late 1930's to provide a nethod for the
classification and aggregation of industrial statistics in the
United States (see U S. Ofice of Managenent and Budget (1972)

for additional details). The SIC system is conposed of an
ordered nunber scheme simlar to the Library of Congress's
classification of published material by subject matter. The

first two digits of the SIC code are used to designate mmjor
industrial groups (e.g., Textile MII Products (22) and Stone,
G ay, and 3 ass Products (32)). The next two digits are used to
break out specific industries within these major groups (e.g.,
Cotton Textile Weaving Industry (2211) and the Hydraulic Cenent
| ndustry (3241)). Finally, individual products from these
i ndustries are given seven digit codes (e.g., Finished Cotton
Broad Wven Fabrics - Bl eached and Wiite Finished (22117811) and
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10.

Normal Portland Cenent ASTM Type 1 (3241012)). The Bureau of
the Census collects sone data at the 7-digit product |evel.

In some instances, researchers may want to use the measures of
real output as an explanatory variable, as is estimating a | abor
demand equation or variable cost function. In this instance,
the nodel will suffer froma nore typical errors in variables
pr obl em al though the usual assunption of I ndependent
measurenent errors may need to b replaced with a nore
sophi sticated assunption. In certain circunstances, these
probl ens may be overcone through the use of an instrunenta
vari abl es estimator; although it should be pointed out that one
must not instrunment for q, but also for any variable on the
right hand side that m ght be correlated with the individua
price difference (i.e., the neasurenent errors in q).

It should be noted, that this is a Dvisia type index (it is not
a correct Divisia index because the share weights are held
constant for sone finite period of tine rather than allowed to
adjust to each period). It is well known that Divisia Indices
satisfy a nunber of optiml properties, see R chter (1966),
Hul ton (1973), and Diewert (1976). However, these results are
established in the context of the econony in conpetitive
equilibrium It is precisely the |ack of such an conpetitive
equi I i briumwhi ch causes the problens which arise in this paper.
Moreover, in the context of nmeasuring real output over a sanple
of firms, the Divisia index approach is totally inappropriate
because the index is path dependent; inplying that if the order
of firms changes, the "real" output index nunber for each firm
w || al so change.

Pl ease note that price relatives are used to elimnate the
het erogeneity problem and inplicitly assune that all of the
products within the industry undergo the sane inflationary and
productivity changes.

An argunent can easily be made in the other direction as well,
as firms which are tenporarily experiencing increased demand
rai se bother their price and volune while firnms experiencing a
sl owmdown attenpt to attract additional custoners by |owering
their prices even further.

Pl ease note that while Figures 1-4 are not taken directly from
Fi sher-Shell (1972), they are certainly inspired and influenced
by their work and do not represent original contributions on the
part of this author. They are presented in this text for
expository purposes only.

If, however, the firm is not producing at the conpetitive
equi | i brium poi nt because, for exanple, prices are not exogenous
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11.

12.

13.

14.

15.

16.

to the firm the relative prices are not the appropriate
measures of the marginal rate of product transfornmation.

See Chanber (1988) Chapter 7 for a conprehensive discussion of
the properties of a nulti-product production technol ogy.

In section | X of their text, Fisher and Shell (1972) exam ne the
case of changing factor supplies and factor augnenting techni cal
change which could be simlar to the case of figure 5, although
they specifically rule out any econom es of scope by assum ng a
production function for each output which is dependent only on
the level of inputs assigned to that product, and is independent
of the level of the other outputs. Wile this may make sense
for exam ning the output of the econony as a whole, econom sts
usually believe that the reason why products are grouped
together in a firmor industry is that there are econom es of
scope in providing these products jointly. Thus the Fisher-
Shell analysis can not be applied to the situation under
exam nation in this paper.

In fact, Fisher and Shell argue that these two nethods of
conputing the indices will only be conpatible in the case of
honot heti c technol ogies; a case which is clearly ruled out if
the two PPF' s intersect.

Two exanpl es which cone to mnd are (1) the change over from wet
to dry processing in the manufacturing of cenent starting in the
early 1970-s, and (2) the introduction of the mni-mlls in the
manuf acturi ng of steel products at about the sane tine. 1In both
cases, manuf act ur es currently conpete using different
t echnol ogi es dependi ng upon when their plants were put on |ine.
On a nore general note, if there are no differences in the mx
of inputs across firns, one would have trouble identifying the
paraneters of the production function fromcross sectional data.

In many instances the census does not collect quantity
information due to the heterogeneity of the 7-digit product
definition. In addition, to insure that the neasured price
di spersion was not the result of rounding errors, the sanple was
further restricted to only those plant-product observation with
three or nore significant digits.

The Sic classification systemis set up so that a seven digit
product ending in '00" is generally an NSK (not specified by
kind) classification - that is the manufacturer did not report
the specific product (seven digit code) that was bei ng produced.
Rat her than contam nate the other data, these observations are
pool ed into one "general" category. Adm nistrative Records are
al so frequently included in this NSK Cl assification.

Products ending in a '98 or '99° are generally NEC (not
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17.

18.

19.

20.

21.

22.

23.

el sewhere cl assified) product classifications. These products
typically include a mxture of highly specialized products which
get |unped together for purposes of data collection.

For an exam nation of price dispersion across "honobgenous"
products, the author felt the NSK and NEC products were clearly
i nappropriate for the analysis and could bias the results.
Thus, they have been renoved fromthe anal ysis.

In order to accurately neasure the anmount of price dispersion it
was necessary to insure that there were nore than just a few
producers of the good.

In sone instances where a product is produced in nore than one
i ndustry, the value and quantity data for that product are
collected in different units.

In the vernacul ar of the Census Bureau, an inpute is a conputer
gener at ed val ue based on a key ratio and the current "hot-deck".
An edit, on the other hand, is a replacenent val ue provided by
the industry analyst and nmay cone from one of several sources
including follow up calls and/or analysts estinates.

In general, a robust statistic is a neasure which is not greatly
i nfluenced by snmall deviations in the basic assunptions. I n
this context, we are |looking for a neasure of the dispersion
which is not sensitive to the magnitude of the gross errors.

The median is robust in that given a sanple of observations,
addi ng an erroneous observation to one of the tails results in
only a small bias in the nedian (for exanple noving from the
50th to the 51st percentile) and nore inportantly, the extent of
t he bias does not depend on the size of the error (the erroneous
observation could be at 1 standard deviation or 100 standard
devi ations, the inpact on the nedian is the sanme; but clearly
the inpact on the nean is very different).

The finite sanple properties of the nmedian and interquartile
range as neasures of central tendency and variation are exam ned
in Abbott (1989).

For exanple, suppose that there are 10 observations for a
particul ar product and that of these 4 are erroneously reported
at $100 while the remaining are tightly packed around $5. In

this case, the interquartile range will be close to $95 since
the 75th percentile of the data is at the $100. Errors |ike
this would nost likely indicated that the product is being

produced in nore than one industry and that the units of data
collection differed across the two industries (for exanple tons
verses 100s of pounds).
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24. Tirole (1988), p96.

25. Interestingly, enpirical studies of hedonic prices frequently
have to incorporate a dumy variable for one or nore of the
"l eading” firnms (the so-called IBMeffect in conputer prices).
These firmdunmes are typically interpreted as capturing the
reputational affects of the firm One mght, however, interpret
t hese as unexpl ained price variations as well.

26. The instrunments included the individual establishnent average
wage rate, and an energy price index constructed at the
establishment | evel.

27. A simlar analysis has been conducted using the Translog
production function and qualitatively identical results were
f ound.

28. Sonme information on the dollar value of the inputation is
obtainable from the individual industry summaries. Thi s
i nformati on has not been incorporated in the current study.

Not es

1. In a rel ated paper, Lichtenberg and Giliches (1989) discuss
the effects of errors in the nmeasurenent of output deflators at the
aggregate level on the neasurenent of long term productivity
gr ow h. In contrast, this paper focuses on the cross sectiona
effects of using aggregate deflators for individual firnms or
establ i shnments.

2. Recall that for the direct aggregation of goods, Hicks
Aggregati on Theoremrequires that the goods either be produced (or
consuned) in fixed proportions or that relative prices renmain
constant. In the case where individual producers have different
mar ket segnments and are able to adjust prices to segnment specific
mar ket conditions, the assunption of constant relative prices is
unt enabl e and direct aggregation is therefore not valid. |In nost
enpirical studies, sales (a direct aggregate) is the basis for the
measure of total production.

3. It is inportant to note that sone of the studies cited were
conducted with objectives other than show ng the existence of price
di spersion and questioning the assunption of a single nmarket price.
For exanple, Stigler-Kindahl's work primarily focused on show ng
that in order to obtain accurate aggregate price deflators, BLS
should follow prices from many different producers and did not
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focus on an explanation for why different producers received
different prices.

4. The Standard Industrial dassification system (SIC) was
established in the late 1930's to provide a nethod for the
classification and aggregation of industrial statistics in the
United States (see U.S. Ofice of Managenent and Budget (1972) for
additional details). The SIC system is conposed of an ordered
nunber schene simlar to the Library of Congress's classification
of published material by subject matter. The first two digits of
the SI X code are used to designate major industrial groups (e.g.,
Textile MII Products (22) and Stone, Cay, and d ass Products
(32)). The next tw digits are used to break out specific
i ndustries within these major groups (e.g., Cotton Textile Waving
| ndustry (2211) and the Hydraulic Cenent Industry (3241)).
Finally, individual products fromthese industries are given seven
digit codes (e.g., Finished Cotton Broad Wven Fabrics - Bl eached
and Wiite Finished (22117811) and Normal Portl and Cenment ASTM Type
1 (3241012)). The Bureau of the Census collects sone data at the
7-digit product |evel.

5. I n sone instances, researchers may want to use the neasures of
real output as an explanatory variable, as in estimating a | abor
demand equation or variable cost function. |In this instance, the

nmodel will suffer froma nore typical errors in variables problem
al t hough the usual assunption of independent neasurenent errors nmay
need to be replaced with a nore sophisticated assunption. I n
certain circunstances, these problens may be overcone through the
use of an instrunental variables estimtor; although it should be
poi nted out that one nust not only instrunment for g, but also for
any variable on the right hand side that mght be correlated with
the individual price differences (i.e., the neasurenent errors in

q) .

6. It should be noted, that this is a Divisia type index (it is
not a correct Divisia index because the share weights are held
constant for sonme finite period of time rather than allowed to
adjust in each period.) It is well known that Divisia |Indices
satisfy a nunber of optimal properties, see R chter (1966), Hulton
(1973), and D ewert (1976). However, these results are established
in the context of the econony in conpetitive equilibrium It is
precisely the lack of such an conpetitive equilibriumwhich causes
the problens which arise in this paper. Mreover, in the context
of neasuring real output over a sanple of firns, the D visia index
approach is totally inappropriate because the index is path
dependent; inplying that if the order of firns changes, the "real"
out put index nunber for each firmw/ll also change.

7. Pl ease note that price relatives are used to elimnate the
het erogeneity problem and inplicitly assune that all of the
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products within the industry undergo the sane inflationary and
productivity changes.

8. An argunent can easily be nmade in the other direction as well,
as firnms which are tenporarily experiencing increased denmand rai se
both their price and volunme while firns experiencing a slowdown
attenpt to attract additional custoners by lowering their prices
even further.

9. Pl ease note that while Figures 1-4 are not taken directly from
Fi sher-Shell (1972), they are certainly inspired and influenced by
their work and do not represent original contributions on the part
of this author. They are presented in this text for expository
pur poses only.

10. If, however, the firmis not producing at the conpetitive
equi | i brium poi nt because, for exanple, prices are not exogenous to
the firm then relative prices are not the appropriate neasures of
the margi nal rate of product transformation.

11. See Chanbers (1988) Chapter 7 for a conprehensive discussion
of the properties of a nmulti-product production technol ogy.

12. In section | X of their text, Fisher and Shell (1972) exam ne
the case of changing factor supplies and factor augnenting
techni cal change which could be simlar to the case of figure 5,
al t hough they specifically rule out any econom es of scope by
assum ng a production function for each output which is dependent
only on the level of inputs assigned to that product, and is
i ndependent of the level of the other outputs. Wile this may nake
sense for examning the output of the econony as a whole,
econom sts usually believe that the reason why products are grouped
together in a firmor industry is that there are econom es of scope
in providing these products jointly. Thus the Fisher-Shell
anal ysis can not be applied to the situation under exam nation in
this paper.

13. In fact, Fisher and Shell argue that these two nethods of
conputing the indices wll only be conpatible in the case of
honot heti ¢ technol ogi es; a case which is clearly ruled out if the
two PPF's intersect.

14. Two exanples which cone to mnd are (1) the change over from
wet to dry processing in the manufacturing of cenent starting in
the early 1970's, and (2) the introduction of the mni-mlls in the
manuf acturing of steel products at about the sanme tine. |In both
cases, manufactures currently conpete using different technol ogies
dependi ng upon when their plants were put on |ine. On a nore
general note, if there are no differences in the mx of inputs
across firms, one would have trouble identifying the paraneters of
t he production function fromcross sectional data.
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15. In many instances the Census does not collect quantity
information due to the heterogeneity of the 7-digit product
definition. In addition, to insure that the neasured price
di spersion was not the result of rounding errors, the sanple was
further restricted to only those plant-product observations wth
three or nore significant digits.

16. The SIC classification systemis set up so that a seven digit
product ending in '00" is generally an NSK (not specified by kind)
classification - that is the manufacture did not report the
specific product (seven digit code) that was being produced.
Rat her than contam nate the other data, these observations are
pool ed into one "general" category. Adm ni strative Records are
al so frequently included in this NSK classification.

Products ending in a '98 or '99" are generally NEC (not
el sewhere classified) product classifications. These products
typically include a mxture of highly specialized products which
get |unped together for purposes of data collection.

For an exam nation of price dispersion across "honbgeneous"
products, the author felt the NSK and NEC products were clearly
i nappropriate for the analysis and could bias the results. Thus,
t hey have been renoved fromthe anal ysis.

17. In order to accurately neasure the anount of price dispersion
it was necessary to insure that there were nore than just a few
producers of the good.

18. In sone instances where a product is produced in nore than one
i ndustry, the value and quantity data for that product are
collected in different units.

19. In the vernacular of the Census Bureau, an inpute is a
conmput er generated val ue based on a key ratio and the current "hot-
deck". An edit, on the other hand, is a replacenent val ue provided

by the industry analyst and may cone from one of several sources
including follow up calls and/or anal ysts esti mates.

20. In general, a robust statistic is a neasure which is not
greatly influenced by small deviations in the basic assunptions.
In this context, we are looking for a neasure of the dispersion
which is not sensitive to the magnitude of the gross errors.

21. The nedian is robust in that given a sanple of observations,
addi ng an erroneous observation to one of the tails results in only
a small bias in the nedian (for exanple noving fromthe 50th to the
51st percentile) and nore inportantly, the extent of the bias does
not depend on the size of the error (the erroneous observation
could be at 1 standard deviation or 100 standard devi ations, the
i npact on the nedian is the sane; but clearly the inpact on the
mean is very different).
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22. The finite sanple properties of the nedian and interquartile
range as neasures of central tendency and variation are exam ned in
Abbott (1989).

23. For exanple, suppose that there are 10 observations for a
particul ar product and that of these 4 are erroneously reported at
$100 while the remaining are tightly packed around $5. In this
case, the interquartile range will be close to $95 since the 75th
percentile of the data is at the $100. FErrors like this woul d nost
likely indicate that the product as being produced in nore than one
industry and that the units of data collection differed across the
two industries (for exanple tons verses 100s of pounds).

24. Tirole (1988). p. 96.

25. Interestingly, enpirical studies of hedonic prices frequently
have to incorporate a dummy variable for one or nore of the
"l eading” firnms (the so-called IBM effect in conputer prices).
These firm dunmes are typically interpreted as capturing the
reputational affects of the firm One mght, however, interpret
t hese as unexpl ained price variations as well.

26. The instrunments included the individual establishnent average
wage rate, and an energy price index constructed at the
establishment | evel.

27. A simlar analysis has been conducted using the Translog
production function and qualitatively identical results were found.

28. Sonme information on the dollar value of the inputations is

obtainable from the individual i ndustry sunmari es. Thi s
i nformati on has not been incorporated in the current study.
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